The decline in renal function seen in a variety of pathological states is associated with an increase in the number and changes in the protein synthetic activity of tubular interstitial cells. However, the relationship between expansion of the interstitial compartment (interstitial fibrosis) and loss of renal epithelial tubules and capillaries remains unclear. Interstitial pathologies accompanying renal failure may merely be coincident with tubular degeneration. Alternatively, interstitial pathologies may cause tubular degeneration. Finally, it is possible that "pathological" changes in the interstitial compartment reflect the kidney's attempts to repair damaged tubules. Discriminating among these possibilities has been difficult, in part because the function of interstitial cells in the healthy kidney remains poorly understood. A new study by Iwano et al. in this issue of the JCI (1) suggests that recent advances in the field of kidney development may provide insight into this important clinical problem.
Interstitial cells in early renal epithelial differentiation
The mammalian kidney derives from two embryonic tissues: the ureteric bud, which forms the renal collecting system, and the metanephric mesenchyme, which differentiates into nephrons and tubular interstitial cells (2) . Inductive interactions between these two tissues regulate kidney morphogenesis (3). The metanephric mesenchyme supports the viability, growth, and branching of the ureteric bud as it forms the renal collecting system. In turn, the growth of the ureteric bud or nascent collecting system induces multipotent nephron progenitors of the metanephric mesenchyme to differentiate into glomerular and tubular epithelial cell types (3, 4) . Several of the signaling molecules, receptors, and transcrip- Although inductive interactions between mesenchymal nephron progenitors and the ureteric bud are essential for kidney morphogenesis, they are not sufficient. We discovered that functional tubular interstitial cells are also essential for renal epithelial morphogenesis (6) . Targeted deletion of brain factor 2 (BF-2), a transcription factor expressed exclusively by interstitial cell progenitors in the metanephric blastema, severely perturbs nephron differentiation and collecting system morphogenesis in vivo. Abnormal renal epithelial phenotypes have also been observed in mice lacking functional expression of other transcription factors that are expressed by interstitial cells in the developing kidney. Collectively, these studies provide direct evidence that renal interstitial cells are required for renal epithelial morphogenesis (6-9).
Phenotypic conversion of tubular epithelia to interstitial cells following ureteral obstruction
The study by Iwano et al. (1) suggests that the mesenchymal-to-epithelial conversion that occurs during embryonic development reverses in response to ureteral obstruction. Working with transgenic mice engineered to express the marker LacZ in tubular epithelia, Iwano et al. imposed a unilateral ureteral obstruction to injure one of each animal's kidneys. By following LacZ staining, the authors could unambiguously identify tubular epithelia and cells deriving from them. They show here that LacZ-expressing epithelia assume an abnormal morphology, become disorganized, and move into the interstitium. Moreover, these interstitial cells derived from epithelia upregulate the expression of fibroblast-specific protein-1 (FSP1), a cytoskeleton-binding protein that is normally expressed in fibroblasts but not epithelia (10) . In control kidneys, as expected, LacZ expression is restricted to tubular epithelia, whereas FSP1 localizes to interstitial fibroblasts. Thus, although the proximate signals that induce obstructive injury remain unclear, the present data provide strong support for the hypothesis that obstruction causes tubular cells to undergo an epithelialto-mesenchymal conversion.
Another crucial question resolved in this study is whether FSP1 + cells derived from tubular epithelia play a significant role in fibrogenesis, specifically the deposition of abnormal amounts and types of collagens. The observed epithelial-to-mesenchymal conversion might represent a consequence, not a cause, of fibrogenesis. Iwano et al. address this alternative in an indirect but convincing manner by staining the injured and control tissue for HSP47, a stress-induced, collagenspecific chaperone protein that is presumed to serve as a marker of cells depositing abnormal amounts and types of collagens into the renal interstitium. Results of these experiments demonstrate that HSP47 expression is induced in mesenchymal cells deriving from tubular epithelia and support the hypothesis that the mesenchymal- to-epithelial conversion documented plays a direct role in fibrogenesis.
Restoration of the embryonic environment in the injured kidney
Collectively, these results, along with other experiments showing that bone marrow-derived cells home to the interstitial compartment of the obstructed kidney, indicate that cells derived from a variety of sources are recruited to the renal interstitium in response to obstructive injury. Perhaps recruitment of these cells to the interstitium is the kidney's attempt to restore an embryonic environment in which tubular interstitial cells could support repair of injured tubules if the obstruction were relieved. It may also be the case, however, that this response is maladaptive and exacerbates the primary injury caused by the obstruction. Thus, the Iwano study also raises the possibility that novel therapies to prevent or slow the progression of end-stage renal disease associated with obstruction could target the molecular events that induce renal epithelia to revert to a mesenchymal phenotype.
